Background Recent evidence has demonstrated the variability in quality of postoperative care, as measured by rates of failure to rescue (FTR). The identification of structure-and process-related factors affecting the quality of postoperative care is the first step towards understanding and improving outcomes. The aim of this review is to review current evidence for structure and process factors affecting postoperative care. Methods A systematic review was conducted. Studies were selected that examined structure or process variables affecting FTR rates and postoperative outcomes. Quality analysis with Jadad and Newcastle-Ottawa scales was conducted and poor-quality studies were excluded. Results Thirty-seven studies were included in final analysis. Of these, 23 were related to enhanced recovery protocols in seven surgical specialties. Twenty-one of these 23 studies reported decreases in length of stay. Six studies also reported decreases in morbidity. No studies reported increases in stay duration or morbidity. Of the 16 studies that examined other structural and process factors, the strongest evidence was for the association between nursing ratios and FTR rates. The effects of hospital size, resources, and subspecialist care processes were less clear.
Introduction
The variability in outcomes has long highlighted the differences in care quality that exist between different healthcare providers [1] . Whilst successful surgery is an important element of surgical care, the prevention of postoperative complications, and treatment of them should they occur, is equally critical in the determination of patient outcomes. A failure to identify, ameliorate, or prevent postoperative complications has been coined ''failure to rescue'' (FTR) [2] , wherein the failure rate is calculated by the number of deaths following an adverse event or complication divided by the number of patients experiencing an adverse event or complication. FTR has been suggested as a sensitive care quality indicator [3] and has been modified beyond the original definition to include nonsurgical patients as well [4] , i.e., death attributed to any of seven preventable complications: pneumonia, shock, gastrointestinal bleeding, cardiac arrest, sepsis, deep venous thrombosis, and renal failure [5] .
More recently, it has emerged that a patient's likelihood of death from complications following major surgery (FTR) varies and is greatly dependent upon the hospital in which the care is received, despite similar risk-adjusted complication rates [3, 6, 7] . This almost twofold increase in FTR-related mortality, rather than death as a result of surgical or intraoperative cause, implicates factors affecting the quality of postoperative care as the major source of variation in surgical outcomes.
The quantification of care quality can be classified into three domains, in keeping with the paradigm originally described by Donabedian [8, 9] : structure, process, and outcome. Each of these domains has its advantages and disadvantages and can impact upon different levels of a health system (Table 1) . Structural measures reflect system factors at any level of care, such as staffing levels, hospital size, or patient volume. However, the organisational factors that they represent are often difficult to act upon as they must be actioned on a broader institutional, regional, or national scale to implement change [10] . The inverse relationship between hospital operative volume and mortality, for example [11, 12] , has led to national restructuring of surgical centres with the restriction of specialist operations to high-volume tertiary centres [13] , to ensure that sufficient operative volume is available to maintain expertise [14] .
Process variables, i.e., actions carried out in giving or receiving care, are simpler to modify on an individual basis, directly observable, and, as such, are well suited for randomised trials. Examples include the administration of beta blockers following myocardial infarction [15] , or the advantages of early enteral feeding in general surgical patients [16] . Processes in the past have focused on patientor diagnosis-specific interventions, such as the above named examples. In the last 5 years, however, systems-based approaches to care improvement, with the implementation of bundled care processes or care protocol such as the central venous catheter (CVC) insertion bundle to reduce CVC-associated sepsis [17] or the Surgical Care Improvement Project to reduce postoperative infection [18] , have illustrated the potential of protocoled treatment pathways.
The advent of enhanced recovery protocols (ERP), the collation of best evidence relating to perioperative care processes, has led to a recent revolution in peri-and postoperative care. Colorectal surgery, in particular, has widely adopted ERP [19] , with evidence-based interventions such as avoiding peritoneal drains (which impair mobility but do not reduce the rate or severity of complications) [20, 21] or encouraging early postoperative oral feeding (which reduces risk of infection and length of stay) [22] . By combining up to multiple evidence-based care processes within a care pathway protocol [23] , colorectal ERP aims to reduce length of stay, morbidity, and mortality, with similar protocols now being introduced in other specialties as well [24] .
The introduction of process-driven care pathways has driven the standardised practice of evidence-based medicine. Despite this, published work on FTR makes it clear that an unacceptable degree of variability in the quality of postoperative care persists [3, 6, 7] . Although variability in FTR rates is now widely accepted, there is less understanding about its underlying causes. In order for these causes to be addressed, it is necessary to consider the effects of structural and process factors on postoperative care quality and outcomes. The aim of this systematic review is to assess the currently available evidence for structure and process factors affecting postoperative surgical care and FTR rates.
Methods

Search strategy
A comprehensive search strategy was used to identify relevant articles that assessed factors affecting the quality of postoperative care. The search focused on underlying determinants of failure to rescue as a measure of postoperative care quality following complications, and postoperative care protocols as care processes dedicated specifically to standardisation of care in the perioperative phase. The following search terms were used: failure to rescue, care protocol, care pathway, enhanced recovery, fast track, and multimodal perioperative. These terms were combined using the Boolean ''and'' operand with the term ''surgery'' or MeSH headings ''general surgery'' or ''operative surgical procedures.'' PubMed and EMBASE were searched for articles published up to June 1, 2013. Returned results were searched and irrelevant publications were identified on the basis of title and abstract and excluded. Remaining articles were then retrieved in full; publications meeting the search criteria were included in the final analysis. All articles were reviewed independently by two reviewers (PP, PS), to ensure they met the search criteria. Relevant full-text article bibliographies were also searched by hand to ensure all relevant articles were included. Any discrepancies were discussed and resolved via consensus.
Selection criteria
Studies included were those that assessed either structural variables or bundled postoperative care processes, protocols, or pathways, and their effects on postoperative surgical outcomes. Studies that addressed only pre-or intraoperative variables were excluded. Only articles published in English (or with English translation available) were included.
Owing to the large number of publications on ERPs, inclusion of publications on the effectiveness of ERP programs was limited to randomised controlled trials of acceptable quality. ERP was defined as a perioperative care pathway that included modification of no fewer than seven specific care processes, compared to conventional care, as part of the protocol [25] . For other structural or process factors, all study types were included, subject to quality analysis.
Quality analysis
Quality of randomised trials was evaluated using a previously validated score developed by Jadad et al. [26] . The Jadad score assigns or deducts points across seven domains of assessment, including appropriate blinding, randomisation, and reporting, for a final score of 0-5. A score of 3 or more was considered acceptable quality and suitable for inclusion [26] .
Cohort trials were assessed using the Newcastle-Ottawa scale for cohort studies [27] . This scale assigns points on the basis of valid group selection, comparability, and outcome assessment for a score of 0-9. Moderate-and high-quality studies, with a score of 7 or higher, were included [28] .
Results
The initial database search identified 1,945 nonduplicate articles. After applying the selection criteria, 50 full-text articles were retrieved for further analysis. Nine studies were excluded because of poor quality. These were mostly cohort studies in which compared groups had significantly different baseline demographics (i.e., inappropriate comparison of different populations), or minor differences that were not appropriately controlled for. Two more studies were excluded as they used a different definition of failure to rescue, reporting only deaths following reoperation (''failure to rescue-surgical,'' FTR-S) but not taking into account complications in general. Finally, two studies were excluded because a subset of previously published data was used to report on identical outcomes measures. Thus, 37 relevant articles were included for final analysis (Fig. 1) . If a study investigated the structural or process factor based on a subgroup analysis, where analysis of the same factors within the entire dataset was already published, only the more comprehensive result was extracted for analysis.
Studies were divided into two categories: those that prospectively assessed ERPs and their effect on outcomes, and those that retrospectively analysed failure to rescue rates to isolate related structures or processes. Care process interventions in the form of ERPs were identified in 23 studies, and were applied to procedures in urology and general, bariatric, hepatobiliary, and vascular surgery. Sixteen studies concerning structure and process factors in FTR were identified and analysed.
Enhanced recovery protocol
Colorectal ERP studies included a total of 2,570 patients. Details of the included studies and of the protocol used in Records identified through search: n = 2067
Titles and abstracts assessed for eligibility: n = 1945
Full-text articles retrieved for analysis: n = 50
Records excluded: Not relevant (1397) Non-English language (87)
Studies considered for final analysis: n = 37
Records excluded: Poor study quality (9) FTR-S data only (2) Duplicate or subset data (2) Duplicates excluded (122)
ERP (n = 23)
Hepatectomy (2) Sleeve gastrectomy (1) Gastrectomy (2) Colectomy (14) Prostatectomy ( each study are given in Table 2 . All studies scored 3 (moderate quality) on the Jadad scale, as all were appropriately randomised and reported, but not blinded. There was a high degree of variation in the components of various ERP programmes. Most commonly included in ERPs were early mobilisation from the day of surgery (100 %), feeding on the morning of surgery (91 %), avoidance of postoperative nasogastric tubes (87 %), and early postoperative feeding (87 %). Least common components were the use of goal-directed postoperative intravenous fluid therapy, routine chest physiotherapy, and daily telephone follow-up after discharge (all 4 %).
Outcomes analysis (Table 3) showed a significantly reduced length of stay across 21 of the 23 studies for ERP treatment versus conventional care. Ren et al. [29] reported a nonsignificant reduction in length of stay (5.7 ± 1.6 days for ERP vs. 6.6 ± 2.4 days for conventional care) in their randomised trial of 597 patients who underwent colectomy. Similarly, van Bree et al. [30] reported a mean stay of 5.9 days with ERP versus 6 days with conventional care in their series of 35 patients following laparoscopic colectomy. There was no difference in readmission rates, and all studies that reported total length of stay, including readmissions, found a significantly reduced length of stay for ERP patients.
Six studies reported a significant reduction in morbidity with ERP. The remaining 17 studies reported no difference in postoperative morbidity. None reported any difference in mortality.
Failure to rescue
Sixteen large cohort studies were identified, comprising some 20 million patient episodes and over 40,000 nursing staff in primarily American centres (Table 4) . According to Donabedian's [9] definitions, these studies examined 18 Table 5 ).
The effects of changes to nurse staffing have been thoroughly examined. Seven of nine studies reported significant increases in FTR rates with increasing nurse workload, as measured by the number of nurses or nursing hours available per patient. Aiken et al. [31] also demonstrated the reduction in FTR rates that occurred with better working environments and higher levels of nurse education. This appears separate from experience alone, with Aiken et al. [32] reporting no relationship between experience and FTR rates in a second study. The proportion of care provided by registered nurses (RNs) or agency staff was shown to have a weak but significant relationship with FTR rates in a study by Blegen et al. [33] (regression coefficient 0.008, p \ 0.001), but no relationship was found in two other studies [4, 34] .
Hospital types and resources were considered by a number of studies. Teaching hospitals and those with National Cancer Institute (NCI) centre accreditation [35] , which is awarded to centres meeting resource, clinical, and research benchmarks, or Magnet hospital status [36] , which is awarded to centres of nursing excellence, demonstrated strong reductions in FTR rates, whereas safety net status did not appear to affect these [33] . Similarly, the greater technological resources of centres with transplant, cardiac, burn, or renal unit were also reflected in lower FTR rates [7] , though when measured by a technology index (Saiden Index), this difference was not seen [33] .
Conflicting reports were found with respect to hospital size and operative volume. Whereas studies by Silber et al. [37] and Ghaferi et al. [7] showed remarkable decreases in FTR (odds ratio 0.87 and 0.65, respectively) for highcapacity hospitals (greater than 200 beds), Friese et al. [35] could not show the same. In a second study by Ghaferi et al. [3] , an almost threefold increase in FTR rate was seen in low-volume hospitals; however, this relationship was not seen in two other studies, which showed no significant relationship between volume and FTR rate [35, 38] . Higher hospital occupancy [7] and ICU capacity [38] were associated with decreases in FTR.
Process factors identified were whether surgery was performed by a subspecialist surgeon [39] , and whether anaesthesia was directed by a clinician anaesthetist rather than by an anaesthetic practitioner [37] ; both of these process factors resulted in decreased FTR rates.
Discussion
This review captures the impact of structural factors and care processes on the quality of postoperative care. The identification of these factors and their influence on differences in outcomes such as failure to rescue rates is an important step in the improvement of ward-based surgical care. By understanding significant structures and processes and the means by which each can be implemented, interventions to improve care quality may be considered.
With respect to structural factors and FTR rates, the strongest evidence showed that an increasing patient:nurse ratio was significantly associated with a increase in FTR rate, and there were trends for lower FTR rates in teaching hospitals and larger centres (i.e., increased bed capacity). Conflicting findings were noted for the effect of hightechnology capability of an institution. However, this may be explained by the variety of surgical procedures that were compared; high technology may be most relevant following complex surgery. This would be in agreement with a recent study by Funk et al. [40] , which found that hospitals with three or more of the following characteristics: high nursing ratio, complex medical, bariatric, or lung transplantation services, and positron emission tomography (PET), had an adjusted mortality rate after oesophagectomy of less than half of those that did not have those characteristics, i.e., 5.0 versus 12.5 %.
There was strong evidence for the positive effect of the implementation of ERP process bundles. Despite ranging across seven different subspecialties, and an even greater number of different surgical procedures, the studies analysed in this review demonstrated near-universal reductions in length of stay. However, it is likely that the heterogeneity of Ren et al. [29] sample affected the results, as it included patients who underwent colorectal procedures of varying complexity, from right hemicolectomies to low anterior and abdominoperineal resections. This may have resulted in a broader range of length of hospital stay, which would affect statistical analysis. Van Bree et al. [30] reported length of stay for only part of their relatively small sample, and therefore their results must be discounted. In addition to reduced hospitalisation, many studies also reported a decrease in postoperative morbidity, demonstrating the potential advantages of standardised, processled care, despite nonstandardised patient groups and care protocols.
To effect change by changing structural factors, e.g., hiring additional nursing staff or acquiring additional resources, can require major reorganisation. Though structural change is an undoubtedly important tool to effect change, it is often difficult, costly, and maybe unfeasible altogether in hospitals lacking prerequisite catchment populations or clinical expertise. ERP exemplifies the potential impact that a process-driven approach may have on care without necessarily requiring additional major resources. Recent research by Birkmeyer et al. [41] has shown that the cost of potentially avoidable complications may be more than $5,000 per patient, a strong financial incentive for centres to improve practice, especially if faced with bundled lump sum payments for services. The findings of this review demonstrate the potential of a process-driven approach to care and its effect on outcomes, in agreement with recent meta-analyses of colorectal ERP [42, 43] , which have found ERP to significantly reduce length of stay with no difference in readmission and mortality rates.
Despite this, it is worth noting that the implementation of new care processes, whilst not necessitating change on an organisational scale, can be challenging to implement in place of established clinical routines [44] . Studies have shown that in centres which implement ERP, adherence to self-imposed protocols is highly variable, with published audits of practice showing 60-70 % compliance rates for ERP processes [45] [46] [47] . This failure to fully implement protocols is too often overlooked. In one cohort study on colorectal ERP which reported compliance rates [48] , an average of only 7.4 of 13 ERP components were implemented, with the worst compliance rate for the intake of two carbohydrate drinks preoperatively at 13 %. Furthermore, analysis of papers in this review reveals a lack of consensus on ERP processes, with the components initially described by Kehlet's group [19] implemented to variable degrees. Only one component process was targeted for inclusion in all trials: structured early mobilisation. The limitations just discussed would likely negatively bias findings, meaning that fully implemented ERP and processled care may have a greater impact than is currently documented.
Given the past success of protocols in the operating room, it is not surprising that further OR protocols, both generic and specific, have already been studied in trials. Borrowing from the multiple checklists of the aviation industry, individual ''crisis pathways'' have been evaluated in the operating theatre for specific intraoperative complications [49] , an approach that could be used in the postoperative setting. For example, one might consider pathways for anastomotic leak or haemorrhage in postoperative patients to complement the generic processes of ERP. By addressing key areas of morbidity, and potential mortality, directly through such protocols, a greater effect on these metrics might also be expected compared to ERP, of which the effects on morbidity and mortality remain unclear. Other attempts at monitoring and modifying generic processes surrounding routine patient postoperative care have shown some promise; basic ward round checklists and daily ''goal setting'' for patient management have improved communication and documentation on the ward [50, 51] . The need to expand these attempts further and to improve and standardise care is clear.
This systematic review has limitations that must be considered. Compliance rates in the implementation of ERP were infrequently reported and highly variable thus, the degree of implementation of all purported ERP subprocesses in all studies cannot be certain. In searching for failure-related structure and process factors, our search relied on the keyword ''failure to rescue.'' Though FTR is a widely accepted term, it is possible that relevant studies that used different terminology (e.g., mortality rates adjusted for patient and hospital factors) may have been missed, though hand searching of references attempted to account for this. FTR-based studies were exclusively cohort studies drawn from large multicentre databases, which are vulnerable to the known limitations of risk adjustment [52] , quality, and type of data entry. Finally, the definition of FTR used to define outcomes and patient groups in the studies analysed was variable, with several studies [4, 33, 53] utilising the AHRQ definition in favour of Silber's original definition.
Conclusion
Current postoperative ward-based care is inconsistent, as illustrated by FTR rates which demonstrated variability in rate of recovery from postoperative complications. Whilst there is strong evidence for the impact of nurse:patient ratio on outcomes, the effect of other structural factors on failure rates is less clear. Process-driven care protocols can be implemented on a local basis to improve and standardise care with a positive impact on outcomes; however, to date, these protocols have been implemented in only a limited fashion, most notably in the form of ERP.
This systematic review highlights the positive impact of process-driven care to improve ward-based surgical care, and the logistic and financial advantages of their implementation compared to structural factors. Properly implemented, process-led care represents a clear, evidence-based approach that can be integrated on a local scale without necessitating structural or organisational change. This can enhance outcomes and has the potential to be more costefficient. To ensure success, the effort must be made at a local level, supported through appropriate understanding, education, and multidisciplinary involvement.
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